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Abstract

While numerous techniques have been proposed to improve the mechanical contact
performance of disc brakes during single-stop braking. The aim of this numerical study is to
investigate the effect of disc material on the mechanical performance of brake pads.
Therefore, a mechanical analysis with COMSOL Multiphysics 6.1 software is performed on
two types of solid disc materials: Inconel 718 and grey cast iron using the same model of
calculation. The calculation was examined using the FE method. This analysis was carried out
to determine wear depth, wear rate, Von Mises stress on the disc and contact pressures during
single-stop braking. The results indicate significant differences in mechanical performance as
a function of disc material properties. INCONEL 718 showed the lowest wear rate, while grey
cast iron showed the lowest Von Mises stress due to their mechanical properties. These results
confirm the importance of disc material in optimising brake pad performance.
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1. Introduction

With Optimal design requires the use of efficient and cost-effective technologies
available to solve engineering problems, as well as experimental studies. In the automotive
and aerospace sectors, many parts have to cope with concurrent thermal and mechanical
loads, which may be fluctuating or constant. The thermomechanical stresses cause
deformations that can even deteriorate the system. Friction braking systems, in particular,
generate heat in the brake disc and pads, leading to high stresses, deformation and vibration
[1-6].

In the literature, Johansson [7] is among the first authors to evaluate wear in a numerical
simulation; employing the finite element method (FEM), he investigated the contact pressure
between two bodies when the material is subjected to frictional wear, proposing the
fundamental equations in a discrete way to calculate local wear on the basis of Archard's law.
Molinari and al [8] generalised Archard's law to some extent to introduce features such as the
temperature dependence of hardness, thus capturing transitions in the wear regime. McColl
and al [9] used 2D finite element modelling in ABAQUS to determine the frictional contact of
a cylinder on a flat fretting test, using a modified version of Archard's equation for sliding
wear. Soderberg and Andersson [10] examined the contact between the pad and rotor of car
disc brakes as a compliant dry sliding contact to determine pressure and wear, using ANSY'S
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and Archard's macro-scale phenomenological wear law. Shinde and Borkar [11] carried out
an analysis of the brake disc system using ANSY'S software to investigate the performance of
two different pad materials: ceramic and fiber composite. This study has made it possible to
develop design tools to improve the braking system performance according to stiffness and
strength criteria. Dhiyaneswaran [12] conducted a comparative study of the disc brake using
two different materials. The brake disc system was analysed under dynamic loading
conditions. The displacements and elastic stresses of existing and alternative disc brake
materials were also compared. Abdullah and al [13] employed the finite element method to
examine the contact pressure and stresses during the period of full clutch engagement using
different contact algorithms. This study revealed the sensitivity of the contact pressure results
by showing the importance of the contact stiffness between the contact surfaces. Belhocine
and al [14] studied the stress concentrations, structural deformations and contact pressure of
the brake disc and pads during single-stop braking using ANSYS 11.0. The main objective of
this paper was to study the contact mechanics and dry sliding behaviour between the brake
disc and pads during the Single-Stop Braking using two different materials of disc. The
calculation was carried out on the basis of a static analysis of the structure Comsol
Multiphysics 6.1 software.

2. Materials and methods

2.1 Geometry

This study analyses a full disk of a light vehicle, and was created using the Comsol
Multyphisics. Figure 1 and table 2 show the geometry and dimensions of this discs
respectively, while table 1 details the material properties.
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Figure 1. Section of the disc brake model and dimensions. (1) the rotor, (2) the pad

Material Properties Grey Cast Iron[15] I[rig(])nel 718 AlSI Pad Material
Density (kg.m) 7850 8220 1400
Young’s modulus (GPa) 98 200 1

Poisson’s ratio 0.27 0.29 0.42

Table 1. Values of the material properties

Parameters Value
Friction coefficient 0.35

Arc angle pad 65°

Disc contact surface, Sd (m?) 0.032079
Pad contact surface, Sp (m?) 0.005148
Initial angular velocity(rad.s™) 155.54
Pressure p (MPa) 1.4

Time braking 4

Table 2. Values of the numerical parameters
6




UNEC Journal of Engineering and Applied Sciences, vol.6, No.1, 2026

3. Modelling mechanical problems

3.1 Wear calculation procedure

The modelling used mainly treats the wear phenomenon locally by situating particular
points on the friction surfaces in order to determine a correlation between the wear depth W at
a specific point and the sliding distance s of this point with respect to the interacting surface.
Wear is analysed as a dynamic process. In this case, the wear model is of the form [10]:

aa—V: = f(load,Velocity, Temp, Material) 1)

The interface between the rotor and the insert can be considered as a dry sliding contact.
The most commonly applied model for predicting sliding contact wear is Archard's linear
wear law [17]. This law can be generalised by the fact that the rate of wear at each point on
the friction surface depends on the relative sliding speed Vsiip and the local contact pressure pn,
by applying the following formula:

ow n
2 = wear () 100-11 @

Prer designates the reference contact pressure and is used to obtain coherent units. Kuwear
designates a wear constant and the exponent n regulates the dependency of the wear rate on
the contact pressure. With n = 1 and prer = 1Pa, the relative slip velocity, Vsiip, is calculated as
follows: Vsiip=|wo.r|.

In this study the contact pressure is triggered by adding a boundary load to the upper
surface of the brake pad, while friction forces are used to determine the relative sliding speed
between rotor and pad. The brake disc is assumed to have an angular velocity o = w(?). At
each point on the working surface, during braking, the depth of wear of the friction material is
calculated continuously according to Archard's law [17].

3.2 Procedure for calculating contact pressure

Using the augmented Lagrangian formulation for normal contact, the pressure
distribution pn is obtained. This formulation, in a weak sense, applies the non-penetration
condition precisely beyond the limits of the contact surface. It is calculated as follows
increase in:

0=+ prad Prp0gndSc — iprad(pnp - pn) SpndS. ©)

Where pnp denotes the penalised (or increased) contact pressure and pn a Lagrange multiplier
or the contact pressure, gn represents the geometric distance. It is important to note that gn is
not always the nearest distance separating both limits’ boundaries.

The Lagrange multiplier representing the dependent variable of the contact problem and
is usually discretised by Lagrangian shape functions.

The segregate method, which corresponds to what is known as the Uzawa algorithm, is
used to solve the system of coupled equations mentioned above. the resolution of the
Lagrange multiplier and the displacement field is carried out separately of each other.
Consequently, the solver has two iteration levels, where pn is maintained constant when u is
solved, and inversely when py, is updated. pnp for the outer iteration j+ 1 is calculate by:

Pnp,j+1 = Pn,j — €nYn if gn <0 4
Pnp,j+1 = Pn,j — efnIn/vn  else ( )
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3.3 Meshing

The quadratic serendipity mode was chosen for the construction of the model presented.
The selection of this mode reduced the computation time. In total, the braking system mesh
comprised 3759 tetrahedral elements, 2492 triangular elements and 590 edge elements (figure
2).
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Figure 2. Mesh elements of the model
4. Results and discussion

4.1 Influence of material on brake pad wear depth

These results analyse the mechanical behaviour of two cases, each one from a different
material: Inconel 718 and grey cast iron. A transient mechanical model, Archard, was used to
calculate the maximum wear depth over time and to define the contours of the wear
distribution.

Figure 3 shows the evolution of the wear depth during the braking phase and for two
calculation cases. This curve illustrates that the wear depth rises gradually until its maximum
value Wimax = 133 um and Womax = 91 um respectively. The result shows the importance of
disc material in optimising brake pad performance.
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Figure 3. The wear depth evolution at two distinct discs material

Figure 4 a,b shows the spatial variations in wear depth for the two cases at end time of
simulation . The maximum value of wear depth is located in the contact region, specifically in
the pad attack region of system and at the maximum radius.
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Figure 4. Wear depth distribution on pad for two distinct disc’s materials. a) cast iron, b) inconel780

4.2 Influence of material on pad’s von mises stress profiles

Figure 5 illustrates the von mises spatial stress distribution for pad. It can be observed
very clearly that the maximum stress at the contact surface of the pad can reach a value of
2.63 MPa and 3.58 MPa for the two cases respectively. In addition, figure 6 shows the
variation in stress along the thickness of the rotor disc. The result shows that the maximum
stress value is located in the zone where the tracks connect to the bowl and at the mounting
holes, with a maximum value of 25 MPa in both cases.

Figure 5. Stress pad distributions taken at two distinct disc’s materials. a) cast iron, b) inconel780

Figure 6. The stress distributions taken at two distinct disc’s materials. a) cast iron, b) inconel780
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4.3 Influence of material on pad’s contact pressure profiles

If frictional forces are taken into account, the contact pressure is more important at the
leading-edge zone of the pad (figure 7). Nevertheless, in the case where no friction is involved
in the contact between the pad and the disc, there would be a symmetrical distribution of the
value of the contact pressure. It can be observed very clearly in figure 8 that the maximum
contact pressure at the start of braking at Pimax = 3.5 MPa and Pomax = 3.65 MPa for the two
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cases respectively, then its gradual full to a minimum value Pimin= 2.23MPa and Pomin=
1.73MPa.
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Figure 7. Contact pressure distributions at two disc’s materials. a) cast iron, b) Inconel780
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Figure 8. The contact pressure evolution at two disc’s materials

4.4 Influence of disc rotation speed on pad brake wear depth

The increase in disc rotation speed raises the contact pressures and stresses as well as
the wear depth of the pads. The evolution of the wear depth for different speeds of rotation is
shown in figure 9. It can be seen that the wear depth remains proportional to the speed of

rotation and when the speed is increased from 80 to 140 km/h, the wear depth increases 4
times the initial value.
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Figure 9. The evolution of the wear depth of pad at two distinct disc’s speed disc rotation.
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5. Conclusion

The present work presents an analysis of the purely mechanical dry contact between two
different bodies (disc/pad). Using the same model developed and modifying only the rotor
material, the FE method was used to examine the calculation and the results are summarised
as follows: The use of grey cast iron material has a positive effect on pad surface stress; stress
concentration is generally high in the disc bowl and friction grid, which can lead to
mechanical faults such as wear, radial cracking and rupture; the disc material selection is
based on its Young's modulus. Inconel 718, which has the highest Young's modulus, reduces
contact pressure and therefore wear depth, resulting in a reduction in the wear rate of the
insert. The increase in disc rotation speed raises the contact pressures and stresses as well as
the wear depth of the pads.
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